Background: Animation deformity after subpectoral breast implant placement has been documented; however, the actual prevalence and effect on patient quality of life has not been studied much. Objectives: The purpose of this study was to show that all patients with subpectoral implants experience some degree of animation deformity and that it can affect their quality of life, including causing embarrassment and discomfort in reconstructed patients. Methods: Patients who underwent breast implant surgery were contacted for inclusion in the study. Patients were obtained from a single surgeon's practice but included patients operated on outside the practice, and those seen in the practice for a consultation. A six-item questionnaire was developed by the senior author (H.B.) and the medical student (N.F.) involved in the study, to assess quality of life related to animation deformity. Patients had their degree of animation deformity assessed by the senior author and a medical student. Results: Of 25 patients who agreed to the questionnaire and assessment, 20% had grade I distortion, 44% grade II, 24% grade III, and 12% grade IV. Of the patients questioned, 80% were bothered by an animation deformity and 45% of those patients were bothered to a significant degree (≥6 out of 10). In addition, 48% of patients felt that the animation deformity interfered with their daily life, and 28% (7/25) of patients underwent, or were scheduled to undergo, revision of their reconstruction at the time of interview. The degree of the clinically observed animation deformity was correlated with patient dissatisfaction, with an R value of 0.47 (P value = 0.0145). Conclusions: All patients with subpectoral implant positioning will experience some degree of animation deformity. Especially in the reconstructed breast population, animation deformity, and its severity, affects patients' quality of life. Other approaches to reconstruction should be considered to prevent animation deformity in this population.
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Animation deformity occurs when implants are placed within a submuscular pocket during breast augmentation or reconstruction. 1 The implant can appear to move upward and toward the axilla when patients flex their pectoral muscle. At times, a ridge can be appreciated at the juncture between the lower muscle border and the breast tissue, known as the double bubble effect. Thus far, the prevalence of animation deformity has only been studied in augmentation patients by Spear et al 2 in 2009. The study evaluated 40 patients and found that approximately 78% exhibited some degree of animation deformity based on the subjective grading scale. We believe this to be an underestimate of the true prevalence of this phenomenon in patients who have undergone submuscular breast augmentation. It has been our observation that any residual muscle over an implant will result in some degree of animation.
Unfortunately, animation deformity is considered to be a normal occurrence when using the submuscular pocket. Patients are often not counseled specifically on animation deformity, and patient education rarely extends further than the initial and preoperative consultations. This leaves implant placement at the discretion of the surgeon. In a 1999 study, patients were counseled on the disadvantages of breast implants preoperatively and those disadvantages discussed included encapsulation, hardening, and slippage of the implant; nothing relating to animation deformity was mentioned. 3 Animation deformity often causes breast asymmetry. A study assessing the effects of breast symmetry on patient quality of life found that women with pronounced breast asymmetry were more likely to experience poor psychosocial functioning and be at higher risk for developing depression. 4 This particularly affects patients who have undergone mastectomy, because it is often difficult to obtain symmetrical breasts even with reconstruction.
Although the Spear et al article provides us with some insight into the prevalence of animation deformity, they were unable to directly correlate patient dissatisfaction with animation deformity. 2 The importance of the correlation between the clinically graded severity and patient-perceived deformity creates a standard for the overall effect of implant animation on patient quality of life.
For postmastectomy patients whose quality of life is negatively impacted by animation deformity, revision can be accomplished through the creation of a new pocket in the prepectoral space. Traditional techniques in prepectoral placement can cause insufficient support and coverage for the implant, especially in thin patients or postmastectomy patients lacking adequate glandular tissue. Today, the use of a plane within the subfascial position provides adequate support for the augmentation patient, and it helps in retaining a natural slope to the upper pole of the breast. In the case of breast reconstruction after a mastectomy, the fascia is removed. However, the implant can be placed above the muscle using an acellular dermal matrix (ADM) for added support, creating the same effect as the subfascial technique and also preventing animation deformity. In this study, we have shown that animation deformity is a result of submuscular implant placement and that it is present, to some degree, in all patients in whom this pocket is utilized. We wish to determine that animation deformity can directly affect patient quality of life and that it needs to be an important aspect of preoperative counseling in all patients undergoing reconstruction or augmentation, especially in athletic patients.
METHODS
Eligibility for sample selection in this study included women who have been diagnosed with either ductal carcinoma in situ (DCIS), BRCA-positive or invasive breast cancer (stage I-III), women who have undergone mastectomy with reconstruction from 1997 to 2014, and women who have undergone reconstruction involving the placement of an implant under the pectoral muscle. The assessors called patients from a list that had undergone mastectomy and reconstruction, until a sample size of 25 women had responded and agreed to participate. Patients were obtained from a single surgeon's practice but included patients operated on outside the practice and those seen in the practice for a consultation. We did not differentiate between patients who had immediate or delayed reconstruction. In addition, we did not differentiate between patients who had reconstruction with total muscle coverage or dual plane with or without ADM, because all of this information was not available. However, it was noted that any implant that was submuscular, either total or dual plane, with or without ADM showed animation deformity. Chart reviews were utilized to obtain specific clinical information (type of implant, unilateral vs. bilateral mastectomy) and epidemiologic data (race, age). Verbal informed consent for this study was obtained from the patients, and the study was conducted in accordance with the principles set forth in the Declaration of Helsinki.
Survey questions were asked of the patients in person by the assessors regarding animation deformity. Pictures of patients at rest and in pectoral muscle flexion were obtained either from chart review or at the time of survey.
From the surgeon's practice, a pilot group of five women who had implants under the muscle were selected for testing. After this initial group, an additional 20 patients were included for a total of 25 patients tested. A power analysis was not conducted. The primary outcome was the effect of the animation deformity on the patient's quality of life.
The assessors worked together and graded the degree of animation deformity on a scale of I-IV. Grade I (Figure 1 ) was minimal breast distortion, minimal lateral displacement, and minimal to no skin rippling. Grade II (Figure 2 ) was moderate breast distortion, moderate lateral displacement or elevation, and minimal rippling. Grade III (Figure 3 ) was moderate to severe breast distortion, moderate to severe lateral displacement or elevation, and evident skin rippling. Grade IV (Figure 4 ) was severe deformity, symmetric breasts with severe lateral or superior displacement, and severe skin rippling. A video showing typical animation on a representative patient after bilateral mastectomy and submuscular implant reconstruction is available as Supplementary Material at www. aestheticsurgeryjournal.com.
RESULTS
A total of 131 patients were contacted, of whom 21% (28/131) were uninterested, 12% (16/131) had numbers that had been disconnected, 47% (61/131) did not return the calls, 1 (<1%) had passed away due to breast cancer, and 19% (25/131) returned to the office for evaluation. Patient responses to the questionnaire were compiled and can be found in Table 1 .
The average patient age was 49 years (range, 29-70 years), and 24/25 of our patients were Caucasian and one was African-American. A total of 19/25 patients underwent bilateral mastectomy for a diagnosis of cancer, 5/25 underwent unilateral mastectomy for a diagnosis of cancer, and 1 patient had a lumpectomy followed by bilateral implant placement. A total of 13/25 had gel implants, 8/25 had saline implants, 2/25 had an unknown implant type, and 2/25 had one saline and one gel implant.
Of the 25 patients who agreed to complete the questionnaire and assessment, 20% had grade I distortion, 44% grade II, 24% grade III, and 12% grade IV ( Figure 5) .
We noted that patients with gel implants were bothered more (average, 4.7/10) by animation deformity than patients with saline implants (average, 3.0/10). A t-test was performed (t = 0.526, P value = 0.605) indicating this is not a statistically significant difference. The degree of animation, as determined by the physician on clinical exam, was slightly higher in patients with gel implants, with a mean of 2.38 for gel and 1.88 for saline implants. A t-test was performed, with t = 0.152 with a P-value of P = 0.881, indicating this is not a statistically significant difference (Table 2 ). These findings also aligned with the patients' perception of animation, with gel being perceived as slightly worse than saline; however, again, there was no statistical significance. However, when the clinical grade was correlated to the patient subjective grade, there was a positive correlation as shown in Figure 6 . The correlation coefficient was r = 0.474, with a P value of 0.0145, indicating that this correlation was statistically significant.
Finally, in our population, 28% (7/25) of the patients surveyed had surgery or have scheduled surgery to revise their reconstruction because of dissatisfaction with animation deformity of the breast. For the revisions, the implants were placed in the prepectoral pocket and covered with ADM for additional support. After revision, these patients exhibited no animation deformity upon pectoral muscle contraction ( Figure 7) .
DISCUSSION
All patients with subpectoral implants will experience some degree of animation deformity. Our study further confirmed this notion, because 100% of the subjects in the study had subjective and clinically observed animation deformity. In general, the majority of patients will be bothered by their animation deformity, which again was observed in our study, with 80% of patients being bothered to some degree by the animation. In our experience, the most effective treatment for animation deformity is prepectoral implant replacement, subfascial if possible, and using ADM if necessary. Using a prepectoral pocket with ADM for support is an appropriate and safe alternative to submuscular placement in postmastectomy reconstructions and prevents unsightly animation deformities. In our experience, prepectoral implant placement did not result in any significant animation deformity. 6 Botox is referenced as a temporary solution to patients experiencing the effects of animation deformity in Gabriel et al. 7 We consider Botox to be a temporary and incomplete solution.
The study was performed with a relatively small sample size of 25 subjects. The grading scale used to assess animation deformity in patients who underwent augmentation does involve some level of subjectivity in developing a scale for the grading. Questionnaire-based studies are susceptible to sampling bias and may not accurately reflect the population as a whole. Future research should focus on creating a standardized grading scale for animation deformity in both augmentation and post-reconstruction patients. The lack of a power analysis and the exclusion of BMI are additional limitations of the study.
CONCLUSION
All patients with subpectoral implant positioning will experience some degree of animation deformity. The population of women with reconstructed breast(s) is particularly affected, and its severity impacts patients' quality of life. Other approaches to reconstruction should be considered to prevent animation deformity in this population.
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